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\]^_``ab ^` ^bcd]d`cde ^b edfdgah^bi j k_dbc]jg ]alcd hgjbbd]m n opd qlb_c^ab aq j _dbc]jg ]alcd
hgjbbd] rstuv ^` ca jef^`d ]aje e]^fd]` ab w al]bdx ]alcd` n yh d_^z _jggx{ |dqa]d c]jfdgg^bi q]a} abd
ga_jc^ab ca jbacpd] { j e]^fd] l`d` cpd cdgdhpabd ca ~ld]x cpd _dbc]jg ]alcd hgjbbd] { p^_p cdgg` cpd
e]^fd] cpd qj`cd`c ]alcd ca cjd { jb d`c^} jcde w al]bdx c^} d jbe ha``^|gx acpd] ^bqa]} jc^ab `l_p j`
]dg^j|^g^cx d`c^} jcd` a] a]`c_j`d `_dbj]^a` n \]^_``ab }l`c ed_^ed pa cpd _dbc]jg ]alcd hgjbbd]
 ^gg _jg_lgjcd cpd ]alcd` jbe c^}d` ^c e^`c]^|lcd` { jbe p^_p aq cpd fj]^al` jfj^gj|gd `al]_d` aq ejcj
h]af^e^bi ^bqa]}jc^ab ab c]j _ a cpdx `palge l`d ^b }j^bi cpd`d _jg_l gjc^ab` n
b hj]c^_lgj] { \]^_``ab alge l`d p^`ca]^_jg ejcj ab c]j _ edb`^c^d` rha``^|gx _a]]dgjcde  ^cp
fj]^j|gd` `l_p j` cpd ejx aq cpd dd { `dj`ab { jbe djcpd] qa]d_j`cv n adfd] { \]^_``ab pj` jg`a
_ab`^ed]de l`^bi cpd bl}|d] aq l`d] ~ld]^d` cpd} `dgfd` { qa] j i^fdb hj]c^_lgj] ]alcd { ^b jee^c^ab
ca cp^` p ^`ca]^_jg ejcj n opd c]j _ qa]d_j`c` } jed |x cpd _dbc]jg ]alcd h gjbbd] } jx |d ^}h]afde
|x ea^bi cp ^` n \]^_``ab alge g^d j } dj`l]d aq cpd k^}h]afd}dbcm jbe jbc` ca ba pa cp^`
k^}h]afd} dbcm alge edhdbe ab cpd h d]_dbcjid aq e]^fd]` l`^bi cpd^] `d]f^_d n opd^] } j^b ~ld`c^ab
ca l` j`  ka }jbx l`d] ~ld]^d` ead` \]^_``ab bdde ca `^ib ^z_jbcgx ^}h]afd lhab cpd p ^`ca]^_jg
ejcj h]de^_c^ab`m

c cpd }a}dbc \]^_``ab ba ` fd]x g^ccgd j|alc cp ^` cxhd aq h]a| gd} { jbe jbc` `a}d jef^_d ab
fj]^al` ^``ld` n ud]pjh` bac `l]h]^`^bigx{ i ^fdb cpd d_aba} ^_ ^}ha]cjb_d aq d _^dbc ]aje bdca]`
jbe cpd _l]]dbc c]j _ w j} h]a|gd} ` { | dpjf^al] aq c]j _ ab ]aje bdca]` pj` |ddb `cle^de
i]djcgxn b `d_c^ab  d i^fd j `dc_px afd]f^d n
\]^_``ab Ł` h]a| gd} pj` } jbx e^d]dbc j`h d_c` { `a}d aq p^_p j]d e^`_l``de ^b `d_c^ab  n
d_jl`d aq cp^` `_ah d { `agf^bi \]^_``ab Ł` h]a|gd} ^b qlgg idbd]jg^cx h]afde ^}ha``^| gd n oa idc
jbxpd]d d pje ca } jd `c]abi `^}hg^z _jc^ab` jbe ]d`c]^_c^ab` { jbe ^iba]d `dfd]jg ^}ha]cjbc
j`h d_c` aq cpd h]a|gd} n opd `^}hg^z_jc^ab` d _pa`d ca } jd j]d e^`_l``de jc cpd `cj]c aq `d_c^ab
 { jbe cpd ]d`c aq cpjc `d_c^ab ^` edfacde ca j `cjc^`c^_jg } aedg aq cpd ]dgjc^ab |dcddb stu l`d]`
jbe c]jfdg c^} d n

bd hj]c aq cp^` } aedg ^` j ]dgjc^ab |dcddb bl}|d] aq e]^fd]` ab cpd ]aje { jbe jfd]jid c]jfdg
c^} d n b `d_c^ab  d l`d j `^}hg^zde fd]`^ab aq j c]j _ }aedg d qalbe ^b cpd g^cd]jcl]d ca
a|cj^b j ]dj`abj|gdgaa^bi jhh]a ^} jc^bi qa]}lgj n

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 db`^cx r_j]`} v
 ^il]d   y}lged]` Ł qlb_c^ab { ]dgjc^bi edb`^cx jbe d~l^g^|]^l} `hdde aq c]j _ a n
yd_c^ab  i^fd` _ab_gle^bi ]d} j]` n b al] ah^b^ab { al] jbjgx`^` jbe cpd }jbx e^d]dbc
j`h d_c` aq cpd h]a|gd} cpjc _jbbac |d ^bldb_de ^be^_jcd cpjc j gj]id bl}|d] aq l `d]` ^` bd_d``j]x
ca `^ib ^z_jbcgx ^}h]afd lhab p^`ca]^_jg ejcj h]de^_c^ab` n d eal|c pdcpd] `l_p gj]id bl}|d]`
aq e]^fd]`  ^gg _aah d]jcd ^b j _dbc]jg ]alcd h gjbbd] `x`cd} { jbe d cp^b cpjc \]^_``ab Ł` ^edj  ^gg
h]a|j|gx bac | d qdj`^|gd n
  [UVUYV
opd qagga ^bi ^` j `dgd_c^ab aq g^cd]jcl]d d l`de qa] cp^` ]dha]c n  a]d ]dqd]db_d` _jb |d qalbe ^b
d ni n  jbe  n
b  j c]j _ a }aedg ^` edfdgah de { ^b`h^]de |x l^e exbj} ^_` n opd `cj]c^bi ha^bc ^` j `dc
aq hj]c^jg e^d]dbc^jg d~ljc^ab` n opd`d d~ljc^ab` j]d e^`_]dc^`de { jbe cd]} ` j]d jeede ca }aedg
cpd cdbedb_x aq e]^fd]` ca gaa jpdje { jbe ca jejhc cpd^] `h dde ca acpd] c]j _ n
b  cp^` } aedg ^` ql]cpd] edfdgah de n opd bac^ab aq kd~l^g^|]^l} `hddem ^` ^bc]ael_de { jbe
j ]dgjc^ab |dcddb c]j _ ^bcdb`^cx r_j]`} v jbe d~l^g^|]^l} `hdde ^` h]aha`de n op^` `hdde { j`
j qlb_c^ab aq ^bcdb`^cx{ ^` _abc^blal` jbe }abacab ^_jggx ed_]dj`^bi {  ^cp j `leedb `cddh e]ah
jc j _]^c^_jg edb`^cx{ } j]^bi cpd ab`dc aq c]j _ w j} `  `dd zil]d  n op^` a] jg`a edjg`  ^cp
exbj} ^_jggx ^bldb_^bi c]j _ a ` n opd jbjgx`^` _ab_d]b` j `^bigd p^ipjx `di}dbc n bldb_^bi
c]j _ a ` ^` jg`a `cle^de ^b  n  dcpae` qa] exbj} ^_ ]alc^bi a] exbj} ^_ c]j _ j``^ib} dbc { j`
ahha`de ca `cjc^_ c]j _ j``^ib}dbc cp]alip `^ibha`c` { j]d e^`_l``de n

`x`cd} cpda]x jhh]aj_p ca ]alcd hgjbb^bi { l `^bi |acp edcd]} ^b^`c^_ jbe `ca _pj`c^_ } aedg` {
_jb |d qalbe ^b  n opd d}hpj`^` ^` } a]d ab cpd bdca] { jbe gd`` ab }aedgg^bi cpd c]j _ a
ab `^bigd ]aje `di}dbc` { qa] p^_p ]jcpd] _]led }aedg` j]d l`de n
sl]]dbcgx ^b cpd dcpd]gjbe` { dbalip ]djgc^} d ^bqa]} jc^ab ab c]j _ edb`^c^d` ^` jfj^gj|gd
ca } jd `pa]cc^} d edb`^cx h]de^_c^ab` qdj`^|gd n

]d`dj]_p i]alh ^` l`^bi j }aedg ed`_]^|de
^b  aq c]j _ ab cpd

} `cd]ej} ]^bi { |j`de ab  jbe ^edj` q]a} exbj} ^_ ij} d cpda]x{ ca
h]de^_c edb`^c^d` j qd pal]` ^b jefjb_d  n opd`d h]de^_c^ab` } jx |d l`de ca e]^fd jb dgd_c]ab^_
} d``ji^bi `x`cd} n
b  cpd ^edj aq _a}|^b^bi j cagg`x`cd} rfffifl fiffiffi ff
! "
fiffi v jbe jefjb_d |aa^bi j` |]alipc
lh n c _abcj^b` dgd} dbc` aq \]^_``ab Ł` ^edj { jbe j` ^bfd`c^ijcde |x cpd dbi^bdd]^bi _ab`lgcjbc`
 ^d} j { pa _ab_glede cpjc cpd ^edj _alge | d j ka]cpp^gd _abc]^|lc^abm ca `agf^bi cpd c]j _
w j} h]a|gd} n sl]]dbcgx cpd ^edj ^` | d^bi e^`_l``de  ^cp `dfd]jg hj]c^d` ^bfagfde  `dd jg`a  n
#
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d edzbd pd]d j qd cd]} ` cpjc d `pjgg l `d cp]alipalc n
 
fiff ^` j ]aje l`d] pa pj` cdgdhpabde
\]^_``ab Ł` _dbc]jg ]alcd hgjbbd] { jbe ^` qagga ^bi cpd jef^_d h]af^ede n

ffifi 	fffl ^` j e^]d_cde
i]jhp aq ]aje `di}dbc` r^b h]j_c^_d { dj_p deid l`ljggx pj` j _a}hgd} dbc^bi abd ia^bi ^b cpd acpd]
e^]d_c^ab v n d l`d cpd a]e ff	

"
ca edbacd j `^bigd deid ^b cpd bdca] { cpjc ^` { j `di} dbc  ^cpalc
_]a``^bi` { ab a] a]j}h` n a] dj_p deid a] j|`c]j_c ]aje d edzbd cpd qagga ^bi ~ljbc^c^d` { `a} d
aq p^_p j]d c^} dedhdbedbc 
• 
dbicp {   _a]]d`habe` ca gdbicp aq ]aje n
•
l}|d] {   _a]]d`habe` ca bl}|d] aq _j]` ab ]aje n
•
db`^cx{      _a]]d`habe` ca bl}|d] aq _j]` hd] ^ga} dc]d ab j i^fdb ]aje n a] dj_p
]aje { d j``l} d pa}aidbd^cxn
•
bcdb`^cx{  { jg`a _jggde c]j _ a Ł _a]]d`habe` ca bl}|d] aq _j]` e]^f ^bi hj`c j _d]cj^b
ha^bc hd] pal] n
•
r

fd]jidv `h dde {   jfd]jid bl}|d] aq ^ga}dc]d` _j]` c]jfdg h d] pal] ab j i^fdb ]aje n
•
sjhj_^cx  }j^}l} ^bcdb`^cx{ ]dj_pde qa] `a} d ahc^} jg edb`^cx jbe `h dde n
•
o]jfdg c^} d {    n
•
\~l^g^|]^l} `hdde  `hdde aq c]j _ ^b `cjc^abj]x `cjcd { jc j _d]cj^b edb`^cxn
 dcj^gde }aedg` e^d]dbc^jcd | dcddb d~l^g^|]^l} `hdde jbe cpd j_cljg _l]]dbc rjfd]jidv `hdde n
b cpd }aedg` d l`d d `pjgg bac } jd cp^` e^`c^b_c^ab n
x ffifi 	fffl  	  
ff
 fififf

{ d } djb _jhj_^cx{ edb`^cx{ ^bcdb`^cx jbe jfd]jid `hdde qa] dj_p
]aje ^b cpd bdca] n sjhj_^cx _gdj]gx edh dbe` ab cpd  fi 	

ff	

"
{ ^ nd n bl}|d] aq gjbd` { p^ipjx
a] bac { `h dde g^} ^c` { dc_ n c jg`a edh dbe` ab ff	

" 
	ffi
"
	ffi

{ |x p^_p d }djb jgg fj]^j| gd` cpjc
^bldb_d cpd _jhj_^cx aq j ]aje `l_p j` djcpd] _abe^c^ab` { ejxg^ipc { _ab`c]l_c^ab a] { j__^edbc`
ab cpd ]aje ra] ab cpd ]aje ia^bi ^b cpd acpd] e^]d_c^ab { p^_p } jx _]djcd j fl 
!
fl
ff fi
fi r`hd_cjca]
w j} v n  ^bjggx{ ff	

ffi ffi

	ff
	ffi ^` cpd ^bqa]} jc^ab j l`d] a|cj^b ` pdb pd fl _jgg` cpd _dbc]jg
]alcd hgjbbd] n op^` ^bqa]} jc^ab ^b_gled` cpd d`c^} jcde c^} d p^` h gjbbde w al]bdx  ^gg cjd { cpd
c^} d jc p^_p pd pj` ca gdjfd { jbe cpd ]dg^j|^g^cx aq cpd d`c^} jcd n
ffi 
 ZU W ! U"  VW#$
b cp^` `d_c^ab d ^edbc^qx jbe _a}}dbc ab `dfd]jg j`h d_c` aq cpd c]j _ d`c^} jc^ab jbe ]alc^bi
h]a|gd} n  jbx aq cpd`d j`h d_c` pjfd bac qalbe j jx ^bca cpd h]aha`de }aedg  padfd] { d
|dg^dfd cpdx j]d jgg ]dgdfjbc { jbe ^}ha]cjbc ca ddh ^b } ^be pdb j ed_^`^ab j|alc qaggalh
]d`dj]_p ab cpd stu ^` ca | d }jed n
% &' ()* +,-. ,//0*,1234 5* 523 50,6 1 /0*783+
9jildgx hlc { cpd iajg aq c]j _ ]alc^bi ^` ca } jd }a]d d _^dbc l`d aq jfj^gj|gd bdca] _jhj_^cxn
oa }j^b jhh]aj_pd` } jx |d ^edbc^zde r`dd jg`a v { p^_p d el| cpd 	 :
"
	ffi jbe ;		 :


jhh]aj_p n
•
oaheab  <l^ed` c]j _ `a cpjc cpd cacjg _jhj_^cx aq cpd bdca] ^` } j^} ^=de jc j iga|jg
ahc^}l} 
•
acca} lh  u]af^ed` l`d]`  ^cp j__l]jcd ^bqa]} jc^ab jbe h]de^_c^ab` { dbj|g^bi cpd} ca
_paa`d cpd }a`c d _^dbc rqj`cd`cv ]alcd { ^ nd n dfd]x l`d] ^` ^b j ga _jg ahc^}l} n
>? @ABCD EFD G HIAEJ CDKHAELM LNFKDC OFK PFBADAQHB QFKKLQDELCC R SL HKL HSHKL FO D@L LT ACDLEQL FO OLG HBL MKAULKC V
W
opd z]`c ^` cpd jhh]aj_p cjdb |x cpd iafd]b} dbc { pdb cpdx c]x ca ^bldb_d c]j _ { qa] ^b `cjb_d
|x ^}ha`^bi `hdde g^} ^c` n opd `d_abe jhh]aj_p ^` cjdb |x ^be^f^eljg e]^fd]` { pdb cpdx _paa`d
edhj]cl]d c^} d jbe ]alcd ^b a]ed] ca db_albcd] qdd] w j} ` n
acd cpjc cpd ca jhh]aj_pd` l`d e^d]dbc bac^ab` aq ahc^} jg^cxn <afd]b} dbc ^` ^bcd]d`cde
^b jfd]jid cp]aliphlc { jb ^be^f^eljg l`d] ^` ^bcd]d`cde h]^} j]^gx ^b p ^` ab c]jfdg c^} d n

be
^bedde { cpd`d e^d]^bi bac^ab` i^fd ]^`d ca e^d]dbc ahc^} jg _abzil]jc^ab` n a] dj}hgd {  ^cp^b
`a} d |jbe ^ecp { ^}ha`^bi j `hdde g^} ^c ]d`lgc` ^b j p^ipd] ]aje _jhj_^cx rcpd bl}|d] aq _j]`
h d] } ^blcd a ^bi cp]alipv { jgcpalip ^be^f^eljg _j]` cjd gabid] ca j]]^fd n

cpd] dfdb }a]d
_albcd]^bcl^c^fd `^cljc^ab` } jx a__l]  `dd `d_c^ab  n
% &   -45*0-1,8 ,5, ,. 4304 -. *0+,5-*.
d j``l} d \]^_``ab pj` j__d`` ca p^`ca]^_jg ejcj ab cpd bdca] a hj]j} dcd]` n c ^` lb_gdj]
ca l` pdcpd] cp^` j``l}hc^ab ^` w l`c^zde n d | dg^dfd cpjc j `x`cd} jc^_ { edcj^gde jbe dcdb`^fd
ejcj|j`d aq hj`c bdca] l`jid ^` f^cjg qa] h]de^_c^bi cpd c]j _ a { jbe ]lbb^bi j stu `d]f^_d n
t ^w `jcd]`cjjc ]alc^bdgx _a}hj]d` cpd c]j _ a jbe `h dde aq cpd a  ^cp fjgld` aq cpd ]d_dbc
hj`c n \j_p c]j _ _abc]ag _dbcd] pj` j }aelgd qa] cp^` n
opd h]a|gd} aq h]de^_c^bi c]j _ a l`^bi p^`ca]^_jg ejcj jgabd ^` bac c]^f ^jg n

]dj`abj|gd
^edj `dd} ` ca ^edbc^qx ^bedh dbedbc { dhgj^b ^bi fj]^j|gd` { jbe l`d cpd`d ca gaa lh ]dgdfjbc hj`c
c]j _ `^cljc^ab` n opd ^bedhdbedbc fj]^j|gd` alge ^b_gled jc gdj`c cpd ejx aq cpd dd { cpd c^} d
aq cpd ejx{ cpd `dj`ab jbe djcpd] rqa]d_j`c`v n opd ejcj|j`d alge h]af^ed jb d`c^} jcd aq c]j _
^bcdb`^cx{ j` dgg j` jb d`c^} jcd aq ]aje _abe^c^ab` { caidcpd]  ^cp cpd ]d`lgc^bi c]j _ edb`^c^d` n
\]^_``ab Ł` dc]j `al]_d aq ^bqa]}jc^ab j]d cpd

fiff 

fifffi

n opd ^bqa]} jc^ab ab l`d]` _ab`^`c`
aq cpd ^bqa]} jc^ab j|alc cpd^] _l]]dbc c]jfdg hgjb` { jbe h]a|j|gx jg`a aq j ejcj|j`d _abcj^b^bi
cpd c]jfdg p ^`ca]^d` aq jgg l`d]` n op^` ^bqa]} jc^ab } jx |d l`de ca ^}h]afd cpd c]j _ ^bcdb`^cx
d`c^} jcd n  `^bi cpd ejcj|j`d a] j c]j _ }aedg { cp^` _jb `l|`d~ldbcgx | d ]dgjcde ca jb ^}h]afde
c]j _ edb`^cx d`c^} jcd n

` cpd dc]j ^bqa]} jc^ab _abcj^bde ^b cpd l`d] ~ld]^d` alge jg} a`c _d]cj^bgx | d ]dgjcde ca
bdca] l`jid r^bcdb`^cx v { ]jcpd] cpjb ]aje _abe^c^ab` { ^c ^` ^}ha]cjbc ca _a}hj]d pa c]j _ a
fj]^d`  ^cp fj]x^bi bdca] l`jid { j` _a}hj]de ca cpd fj]^jc^ab eld ca fj]x^bi ]aje _abe^c^ab` n
ydd `d_c^ab  qa] }a]d ]d} j]` n
oa edcd]} ^bd cpd dd_c cpjc l`^bi cpd dc]j ^bqa]} jc^ab _abcj^bde ^b l`d] ~ld]^d`  ^gg pjfd ab
cpd h]d_^`^ab aq d`c^} jcde w al]bdx c^} d` { ^c ^` f ^cjg ca gaa jc cpd ]dgjc^ab`p^h |dcddb cpd bl}|d]
aq e]^fd]` ab j ]aje { jbe cpd bl}|d] aq l`d] ~ld]^d` rhd]cj^b^bi ca cp^` ]ajev n opd]d } jx bac ^b
qj_c |d j l`dql g ]dgjc^ab`p^h | dcddb cpd`d ~ljbc^c^d` { qa] cpd qa gga ^bi ]dj`ab` n
ya}d h]aha]c^ab aq cpd e]^fd]` } jx bdfd] _jgg { qa] ^b`cjb_d | d_jl`d cpdx j]d |albe ca zde
edhj]cl]d c^} d` { a] `^}hgx | d_jl`d aq lbqj} ^g^j]^cx  ^cp cpd `x`cd} n udahgd cj^bi cpd `j}d ]alcd
]dil gj]gx } jx bac |acpd] ca _jgg raqcdb v { d`h d_^jggx ^q cpd h]aha`de ]alcd jbe edhj]cl]d c^} d` ea
bac fj]x }l_p n

b j``l}hc^ab ab cpd ]dgjc^ab`p^h { qa] ^b`cjb_d cpjc j zde hd]_dbcjid  aq cpd
e]^fd]` _jgg \]^_``ab {  ^gg cpd]dqa]d h]a|j|gx bac page ^b idbd]jg { |lc } ^ipc padfd] page qa] cpd
i]alh aq a __j`^abjg e]^fd]` n
opd stu _jb h]af^ed | d`c ]alc^bi ^bqa]} jc^ab jqcd] jgg l`d] ~ld]^d` j]d _aggd_cde n op^` alge
} djb cpjc l`d]` }l`c _jgg c ^_d ca a|cj^b cpd ]d~ld`cde ^bqa]} jc^ab { p^_p ^` bac h]j_c^_jg n
 a]dafd] { cpdx }l`c hgjb cpd^] w al]bdx dgg ^b jefjb_d { p^_p } jx bac | d ha``^|gd a] ed`^]j|gd
qa] dfd]xabd n

gcd]bjc^fdgx{ cpd ]alc^bi ^bqa]} jc^ab } jx |d _abc^blal`gx lhejcde {  ^cp cpd `x`cd}
jgjx` i^f^bi cpd gjcd`c h]de^_c^ab` n op^` pj` cpd e^`jefjbcjid aq ]dj]e^bi gjcd _jggd]` { ]del_^bi
cpd dd_c^fdbd`` aq cpd `x`cd} n
 `d]` } jx jg`a i^fd lb]dg^j|gd ^bqa]} jc^ab { hj]c^_lgj]gx ^q cp^` ^bqa]} jc^ab }l`c | d i^fdb dgg
^b jefjb_d { a] ^iba]d cpd stu Ł` jef^_d { _jl`^bi ql]cpd] h]a|gd} ` n  `d] ^bhlc  ^gg pj]egx ^bldb_d
cpd ^bqa]}jc^ab cpdx idc q]a} cpd stu{ `a cpjc cpd]d ^` g^ccgd ^b_dbc^fd qa] cpd l`d] ca | d fd]x
h]d_^`d n

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fl


 ^il]d   ]jd`` Ł hj]jea n opd bl}|d]` ^be^_jcd cpd c]jfdg c^} d` qa] cpd _a]]d`habe^bi deid  `dd
cdc n

ee^bi jb deid { ^b cp^` _j`d j cp^]e |]^eid j_]a`` cpd _jbjg { gdje` ca ^b_]dj`de c]jfdg c^} d`
qa] jgg e]^fd]` n yl_p hj]jea ^_jg ]d`lgc` pjfd | ddb a|`d]fde ^b h]j_c^_d n
% &  ,42 3 -8-70-+   0,344  /,0,* ,. 523  0-4*.30 4  -83++,

bd ^edj cpjc _j} d lh el]^bi cpd e^`_l``^ab` { ^` pdcpd] \]^_``ab { |x jef^`^bi cpd^] l`d]` h]ah d]gx{
_alge k} jbjidm c]j _ `a cpjc j }a]d d _^dbc l`d aq cpd bdca] alge ]d`lgc { jbe pdb_d | dccd]
w al]bdx c^} d` qa] } jbx aq \]^_``ab Ł` l`d]` n adfd] { hj]jea ^_jg `^cljc^ab } jx a__l] { j` qa]
^b`cjb_d bacde |x ]jb  dggx  
q e]^fd]` j]d h]af^ede  ^cp dc]j ^bqa]} jc^ab j|alc ]jbea} edgjx` jpdje { cpd alc
_a} d } jx dgg |d j bd d~l^g^|]^l} ^b p^_p edgjx` j]d ^b_]dj`de qa] dfd]xabd n
b cp^` `d_c^ab d `pjgg } jd `a} d ]d} j]` j|alc j `^} ^gj] hj]jea { p^_p `cjcd` cpjc jee^bi
deid` ca j c]j _ bdca] } jx `^} ^gj]gx ^b_]dj`d edgjx` n
c ^` l`ljggx j``l} de cpjc e]^fd]` _paa`d ]alcd` `a j` ca ahc^} ^=d cpd^] ab `^cljc^ab n

`
`l} ^bi qlgg ^bqa]} jc^ab { cp ^` gdje` ca j c]j _ `^cljc^ab pd]d dfd]x e]^fd] l`d` j
fi
	



fi fi
 	 

fi
]alcd { } djb^bi cpjc _paa`^bi j e^d]dbc ]alcd  ^gg bac ]d`lgc ^b j ed_]dj`de w al]bdx c^} d qa] cp^`
hj]c^_lgj] e]^fd] n op^` ^` _jggde j  


fi


fi
;ff

 n  a]d cpjb abd j`p d~l^g^|]^l} }jx d ^`c n
< ^fdb cpjc  j`p d~l^g^|]^j j]d ga _jggx ahc^} jg { ^c ^` hd]pjh` `l]h]^`^bi cpjc cpd  
fi
	;

fi fi
 	 :


fi
{ a] } a`c d _^dbc { c]j _ `^cljc^ab } jx ffi	 |d j  j`p d~l^g^|]^l} n a] cp^` `cjcd} dbc ca
| d } djb^biqlg { d bdde j edzb^c^ab aq kd _^db_xm n d]d d _paa`d j` d _^db_x } dj`l]d { jbx
rd^ipcdev jfd]jid aq cpd w al]bdx c^} d` dhd]^db_de |x jgg e]^fd]` ^b j i^fdb c]j _ `^cljc^ab n
 a]d h]d_^`dgx{ cpd `cjcd}dbc ^` j` qagga ` n a] _d]cj^b bdca]` { c]j _ `^cljc^ab` d ^`c pd]d {
_a}hj]de ca cpd }a`c d _^dbc  j`p d~l^g^|]^l} { fifffiff e]^fd] pj` ed_]dj`de w al]bdx c^} d n opd`d
c]j _ `^cljc^ab` j]d }a]d d _^dbc j__a]e^bi ca al] d _^db_x }dj`l]d n
opd qj_c cpjc j j`p d~l^g^|]^l} bdde bac | d ahc^} jggx d _^dbc { ^` _ga`dgx ]dgjcde ca fi ff
fi
 fl
 
ff

"
	ffi  n ]jd`` qalbe cpjc jee^bi jb deid ca j bdca] } jx gdje ca j _pjbid ^b j  j`p
d~l^g^|]^l} {  ^cp ffi

fffi


fi
"
edgjx` qa] dfd]xabd { dfdb cpalip e]^fd]` pjfd }a]d ]alcd` ca _paa`d
q]a} n op^` hpdba} dbab pj` j_cljggx | ddb a|`d]fde ^b h]j_c^_d  n

b dj}hgd bdca] pd]d ]jd`` Ł hj]jea a __l]` ^` i^fdb ^b zil]d   `dd jg`a  n

bdca]
j]albe ca }albcj^b ` jbe j_]a`` j _jbjg ad]` ca jgcd]bjc^fd ]alcd` n ylhha`d cpjc cpd edgjx`
ab cpd fj]^al` hj]c` aq cpd bdca] j]d   } ^blcd` ca ia j]albe j }albcj^b {  }^blcd` ca
e]^fd jgabi cpd _jbjg { jbe   } ^blcd` ca _]a`` cpd _jbjg { pd]d  ^` cpd bl}|d] aq _j]` l`^bi
cpd |]^eid n op^` cd]} }aedg` cpd _abid`c^ab { eld qa] ^b`cjb_d ca cpd bj]]abd`` aq cpd |]^eid n
ylhha`d  _j]` jbc ca _]a`` cpd _jbjg n b cp^` _j`d cpd lb^~ld  j`p d~l^g^|]^l} ^` ]dj_pde
pdb _j]` e^`c]^|lcd cpd} `dgfd` d~ljggx j}abi cpd ca jfj^gj|gd ]alcd` n opd j``a _^jcde edgjx ^`
 !  !



fl

 " } ^blcd` qa] dj_p ]alcd n
ylhha`d ba cpjc j cp^]e |]^eid ^` _ab`c]l_cde { j` ^be^_jcde ^b cpd ]^ipc hjbdg ^b zil]d  n oa
bd ]alcd` j]d jfj^gj|gd { abd ia^bi j]albe |acp }albcj^b` { cpd acpd] jfa^e^bi ia^bi j]albe d^cpd] n
opd z]`c  ^gg bac | d l`de { |lc cpd `d_abe ]alcd ^` qj`c {  ^cp ^b^c^jggx



fl

! ! ! !



fl

 
#
} ^blcd`
edgjx{ `a cpjc cpd h]df^al` c]j _ `^cljc^ab ^` ba gabid] j  j`p d~l^g^|]^l} n opd bd lb^~ld  j`p

"
d~l^g^|]^l} ^` ]dj_pde pdb  _j]` cjd cpd bd ]alcd {  ^cp cpd ]d} j^b^bi   e^f^ede d~ljggx
j}abi cpd ca age ]alcd` n opd edgjx ^b cp^` `^cljc^ab ^`   }^blcd` qa] jgg ]alcd` { gabid] cpjb
|dqa]d n
opd h]df^al` c]j _ `^cljc^ab {  ^cp " } ^blcd` edgjx{ ^` `c^gg h a``^|gd ^b cpd bd bdca]
_abzil]jc^ab n adfd] { ^c ^` bac j  j`p d~l^g^|]^l} jbe  ^gg bac `habcjbdal`gx a __l] ^b h]j_c^_d 
`^b_d cpd `pa]cd] ]alcd ^` qj`cd] {  ^cp abgx 
#
}^blcd` edgjx{ cj^bi cp^` ]alcd ^` | dbdz_^jg qa] cpd
^be^f^eljg e]^fd] { dfdb cpalip ^c ^` edc]^} dbcjg ca cpd k_a}}lb^cxm n

op^` `^cljc^ab ^` jbjgaial`
ca cpd _gj``^_jg u]^`abd] Ł` e^gd}}j n

bd jx ca ^bel_d e]^fd]` ca }afd caj]e` cpd babj`p ahc^} jggx d _^dbc `^cljc^ab ^` ca
j]c^z_^jggx ^b_]dj`d cpd k_a`cm aq cpd `pa]c ]alcd { qa] ^b `cjb_d |x ^}ha`^bi j }abdcj]x zbd rd``db
c^jggx cpd _abcdbc aq cpd  \

h]aha`jg { `dd  { v n  ]^fd]`  ^gg d^ip cpd | dbdzc aq j ed_]dj`de
edgjx jij^b`c cpd }abdcj]x _a`c j``a _^jcde ca cpd ~l^_d] ]alcd n

bd d~l^g^|]^l}  ^gg `dc ^b {
p^_p ^` j  j`p d~l^g^|]^l} j``a _^jcde ca cpd d^ipcde i]jhp {  ^cp d^ipc` cpjc ^b_gled |acp cpd
edgjx jgabi cpd deid { jbe cpd }abdcj]x _a`c ^bfagfde n  ^cp zbd` _pa`db jhh]ah]^jcdgx{ `l_p j
j`p d~l^g^|]^l} _jb _a]]d`habe ca jb ahc^} jggx d _^dbc c]j _ `^cljc^ab n
d _ab_gled cpjc cpd ca jhh]aj_pd` { caheab a] iga|jg { jbe |acca} lh a] ga _jg ahc^} ^= ^bi
r`dd jg`a `d_c^ab v { ]d`lgc ^b e^d]dbc ahc^} jg `aglc^ab` n \a]c` qa] iga|jggx ahc^} ^= ^bi bdca]
l`jid j]d | d`c eabd jc cpd iafd]b} dbc gdfdg n \]^_``ab { ab cpd acpd] pjbe { ^` ^bcd]d`cde ^b cpd
ga_jg h]a|gd} aq h]de^_c^bi c]jfdg c^} d jbe cpd |d`c ha``^|gd ]alcd { ^b a]ed] ca h]af^ed j `d]f^_d ca
l`d]` n a] cp^` ]dj`ab { d j|jbeabde cpd ^edj aq iga|jg c]j _ } jbjid} dbc { jbe ^b `cdje qa _l`de
ab h]de^_c^bi c]j _ edb`^c^d` { ^b a]ed] ca zbe cpd qj`cd`c ]alcd qa] ^be^f^eljg l`d]` n
% &%  -. -. 523 42*05345 0*53

b_d ]aje `h dde` j]d d`c^} jcde { zbe^bi cpd qj`cd`c ]alcd ^` ]dgjc^fdgx dj`xn c _jb |d |j`^_jggx eabd
 ^cp  ^w `c]j Ł` `pa]cd`c hjcp jgia]^cp} r} ^be cpd ejcjpjbeg^bi v qa] e^]d_cde d^ipcde i]jhp` {
jejhcde ca cjd ^bca j__albc cpjc cpd d^ipc` aq cpd deid` rcpd c]jfdg c^} d jgabi cp^` deidv fj]x
 ^cp c^} d n u]af^ede cpjc cpd d^ipc` ea bac fj]x caa ~l^_gx rj` acpd] ^`d j^c^bi |dqa]d cj^bi
jb deid }jx idc xal ca xal] ed`c^bjc^ab ~l^_d] cpjb gdjf^bi ^}}de^jcdgx   ^w `c]j Ł` jgia]^cp}
ead` bac pjbegd cp^` _a]]d_cgx v { cp^` _jb |d eabd dj`^gxn yl_p jb jgia]^c} pj` hagxba} ^jg c^} d
_a}hgd ^cxn a] jb jhhg^_jc^ab aq  ^w `c]j Ł` jgia]^cp} ^b j ]djgg^qd `^cljc^ab `dd  n
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oa h]af^ed ]dg^j|gd ^bqa]} jc^ab { d jbc ca h]de^_c pa ~l^_gx j l`d] _jb c]jfdg ab cpd ]aje
bdca] n op^` edh dbe` ab cpd l`d] rpdcpd] pd ^` e]^f ^bi j c]l_ a] j _j] { pdcpd] pd  ^gg e]^fd
qj`c a] `ga ^q pd pj` jb ahc^ab v { jbe ab c]j _ _abe^c^ab` rcpd } j^}l} jccj^bj|gd `h dde ab dj_p
gdi aq p^` w al]bdxv n o]j _ _abe^c^ab` edhdbe ab `dfd]jg cp^bi` { `l_p j` cpd cxhd aq ]aje { cpd ]aje
_abe^c^ab` { cpd bl}|d] aq e]^fd]` ab cpd ]aje { cpd cxh d aq fdp^_gd` r_j]` a] c]l_`v { jbe h]df^al`
c]j _ _abe^c^ab` rj w j} cjd` c^} d ca e^``agfd  j|afd _]^c^_jg^cx{ j w j} ]d^bqa]_d` ^c`dgq v n

dc l` qa _l` ab ca } j^b fj]^j|gd` { ed} jbe jbe ]aje _abe^c^ab` n y^b_d cpd _dbc]jg ]alcd
hgjbbd] |j`d` ^c` d`c^} jcd ab jb ^}h]afde d`c^} jcd aq c]j _ edb`^cx{ jbe `^b_d \]^_``ab Ł` jee^c^abjg
`al]_d aq ^bqa]} jc^ab abgx _j]]^d` ql]cpd] ^bqa]} jc^ab ab cpd z]`c fj]^j|gd { ed} jbe { ^c ^` ^}ha]cjbc
ca ba `a} dcp^bi j|alc cpd ]dgjc^fd ^}ha]cjb_d aq cpd`d ca fj]^j|gd` qa] c]j _ edb`^cx d`c^} jcd` n

fd]x `^}hgd z]`c jhh]aj_p ca jb`d] cp^` ~ld`c^ab d}h^]^_jggx _alge |d j` qa gga ` n b`cdje
aq gaa^bi jc cpd jfd]jid `hdde { p^_p fj]^d` afd] cpd ]aje` aq cpd bdca] jbe } jx |d e^ _lgc
ca } dj`l]d { d gaa jc cpd gdbicp aq j c]j _ w j} n op^` } jx |d ]dij]ede j` j `ca _pj`c^_ fj]^j| gd n
opd gdbicp` aq c]j _ w j} ` j]d jg]djex |d^bi } dj`l]de jbe |]aje_j`c ab cpd ]je^a n sa]]dgjc^bi
cpd`d  ^cp fj]^j|gd` ]dgjcde ca ed} jbe jbe ]aje _abe^c^ab` cpdb i^fd` ^bqa]} jc^ab ab pa cpd`d
fj]^j|gd` dhgj^b cpd gdbicp` aq c]j _ w j} ` n tdjgc^} d } dj`l]d} dbc` aq ^bcdb`^cx j]d jg]djex eabd
jc `a} d ha^bc` ^b cpd lc_p ]aje bdca] r`dd v n
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 
hacdbc^jg h]a|gd} ^b cp ^` jhh]aj_p ^` cpjc cpd ]dgjc^ab`p^h | dcddb c]j _ w j} gdbicp` jbe
ed}jbe ^` h]a|j|gx p^ipgx babg^bdj]  |dga j _d]cj^b cp]d`page { w j} ` j]d fd]x lbg^dgx ca a __l] n
d_jl`d aq cp^` babg^bdj]^cx{ a]e^bj]x g^bdj] _a]]dgjc^ab } ^ipc bac | d cpd |d`c jx ca } dj`l]d cpd
edhdbedb_d | dcddb cpd`d fj]^j| gd` n
   UU[U[Z $   VWZ"
d]d d h]d`dbc j }aedg ca jb`d] \]^_``ab Ł` ~ld`c^ab ~ljbc^cjc^fdgx{ ^b j `^}hg^zde `dcc^bi n
 &' -+/8- -. ,44+/5-*.4

gg bdca] a hj]j} dcd]` j]d ^}ha]cjbc qa] d ni n `^}lgjc^ab` n ]a} cpd l`d]` Ł hd]`hd_c^fd { cpd
jfd]jid `h dde ra] c]jfdg c^} dv j]d } j^bgx aq ^bcd]d`c n b a]ed] ca h]de^_c cpd cacjg c]jfdg c^} d qa]
j `^bigd l`d] { \]^_``ab bdde` ca |d j|gd ca h]de^_c cpd c]jfdg c^} d ab dj_p gdi aq cpd bdca] { jc
dfd]x ^b `cjbc aq c^} d n

b_d cpd`d d`c^} jcd` j]d bab { zbe^bi cpd qj`cd`c ]alcd ^` ]dgjc^fdgx c]^f ^jg n opd]dqa]d d `pjgg
qa _l` ab cpd h]d_^`^ab aq cpd w al]bdx c^} d d`c^} jcd { p^_p edhdbe` ab cpd k]dg^j|^g^cxm aq bdca]
a hj]j}dcd] d`c^} jc^ab n  jbx aq cpd fj]^j|gd` cpjc ^bldb_d cp^` j]d ^bpd]dbcgx `ca _pj`c^_ ^b
bjcl]d r`l_p j` cpd a__l]]db_d aq j__^edbc`v { `a j `cjc^`c^_jg jhh]aj_p `dd} ` ca |d bjcl]jg n
b a]ed] ca `^}hg^qx ql]cpd] { d  ^gg bac _ab`^ed] cpd pagd bdca] a] e^`_l`` cpd _a]]dgjc^ab`
^b c^} d } dbc^abde { |lc qa_l` ab cpd h]a|gd} aq h]de^_c^bi cpd c]jfdg c^} d ab j

ffi 
fi
fi i^fdb ]aje n

` zbjg } jw a] `^}hg^z_jc^ab { d j``l} d cpjc cpd bdca] a hj]j}dcd]` r`l_p j` ^bcdb`^cx v
j]d ^bedh dbedbc aq c^} d n b h]j_c^_d { cp^` }djb` cpjc d `pjgg _ab`^ed] j `pa]c c^} d ^bcd]fjg { pd]d
_abe^c^ab` _jb |d ]dij]ede j` | d^bi _ab`cjbc r|lc `dd `d_c^ab v n
 &  (23 +*38
b cp^` } aedg { d _ab`^ed] j `^bigd ]aje n

dc  edbacd cpd bl}|d] aq _j]` ab cp^` ]aje jbe  cpd
c^} d cjdb ca c]jfdg jgabi cpd ]aje n

` } dbc^abde h]df^al`gx{ d j``l} d cpd]d ^` j edcd]} ^b^`c^_
]dgjc^ab |dcddb cpd edb`^cx jbe cpd `h dde { `a cpjc  ^` `a} d qlb_c^ab aq  
   r v rv
`jxn c ^` ]dj`abj|gd ca j``l} d  ^` }abacab^_jggx ^b_]dj`^bi jbe pdb_d ^bw d_c^fd r`dd jg`a `d_c^ab
v n ya} d aq cpd`d  e]^fd]` _jgg \]^_``ab  `jx  l`d]` n opd h]a|gd} ^` ba ca d`c^} jcd  i^fdb
 n
 ^]`c d bdde ca }aedg cpd e^`c]^|lc^ab aq  ^c`dgq n

gg d ba aq  ^` cpjc ^c ^` j e^`_]dcd
fj]^j|gd n d j``l} d  pj` j ua^``ab e^`c]^|lc^ab  ^cp hj]j} dcd]  { `jxn
l]cpd]}a]d { d j``l}d cpjc cpd h]a|j|^g^cx aq j e]^fd] | d^bi j l`d] ^`  n b acpd] a]e` { cpd
_abe^c^abjg e^`c]^|lc^ab aq  i^fdb    ^` j |^ba} ^jg e^`c]^|lc^ab  ^cp  c]^jg` jbe hj]j} dcd]  n
opd j_cljg fjgld aq  }jx |d edel_de q]a} p^`ca]^_jg rl`d]`v ejcj n opdb  ^` ua^``ab e^`c]^|lcde
 ^cp hj]j} dcd]  n
d pjfd p^`ca]^_jg ejcj qa] j hj]c^_lgj] ]aje { ^ nd n  ^cp q]d~ldb_^d` 
fl  	 	 	 

 cpd]d j]d  
fl  	 	 	 
 

_j]` ab cpd ]aje n opd c]jfdg c^} d` j]d cpdb 
fl  			

 pd]d    r  v n
b h]j_c^_d } jbx   fjgld` _jb a __l] { p^gd cpd p ^`ca]^_jg ejcj } jx |d g^} ^cde n c ^` cpd]dqa]d
h]a|j|gx j iaae ^edj ca l`d ffi fiffff

fi

 


 

fl
v aq `a} d jhh]ah]^jcd gdbicp { ^b`cdje aq ha^bc` n ydd
jg`a `d_c^ab  n
ylhha`d d a|`d]fd    `jx{ jbe d ba
 r   
|
   v 
 r  
|
   

v r   

v
 r   v
|x jxd` opda]d} n a  r  
|
    v ^` i ^fdb |x cpd j|afd j``l}hc^ab {  r    v
'

   |x al] j``l}hc^ab ab cpd p ^`ca]^_jg ejcj { jbe
 r   v  

≥
 r  
|
    v r    v
	

`   fj]^d` { cp ^` i ^fd` l` cpd ha`cd]^a] e^`c]^|lc^ab aq  { i ^fdb    n  db_d { l`^bi cpjc  ^`
^bw d_c^fd r`dd jg`a zil]d v {
 r  
|
   v   r r v   r  v
|
   v   r   
|
   v rv
i^fd` cpd ha`cd]^a] e^`c]^|lc^ab aq  i^fdb    n d zbjggx d`c^} jcd  q]a} j i^fdb  |x _paa`^bi
cpd fjgld  p^_p } j^} ^=d` rv n

dc l` ba l`d al] ba gdeid aq cpd e^`c]^|lc^ab` aq  jbe  n d pjfd
 r   v  
−


 

 r  
|
   v  
 
	


r
−
 v

− jbe  r   v  
−

r v

 

jbe j g^ccgd jgid|]j x^dge` cpd ha`cd]^a] e^`c]^|lc^ab aq  
 r   
|
   v  
− 
fl
−

r r
−
vv

−
r 
−
 v 

j ua^``ab e^`c]^|lc^ab  ^cp hj]j} dcd]  r
−
 v { c]jb`gjcde |x  n c ]dj_pd` ^c` } j^}l} jc
   !  r
−
 v { p^_p ^` jg`a ^c` } djb n c` fj]^jb_d ^`  r
−
 v n a {    r v { `a cpjc
fj] r
|
   v
≈
fj] r
|
   v r ′ r r |
   vvv

  r
−
 v r ′ r !  r−
 vvv

r

v
racd cpjc cpd ~ljg^cx aq cp^` jhh]a ^} jc^ab edhdbe` ab cpd `}aacpbd`` aq  n b al] _j`d  ^`
babe^d]dbc^j|gd { `dd `d_c^ab  { jbe rv  ^gg | d jb lbed]d`c^} jcd w l `c | dga _]^c^_jg edb`^c^d` nv

b d`c^} jcd aq cpd fj]^jb_d aq  ^cpalc l`d] ^bqa]} jc^ab ^` 
′
r v

n  ^cp l`d] ^bqa]} jc^ab { cp^`
_pjbid` ca rv n opd e^d]db_d _jb `d]fd j` j } dj`l]d aq cpd ^}h]afd}dbc aq al] d`c^} jcd n
 & . ,8530.,5-3 ,//0*,12  *.5-.*4  -450-75-*.4

}jwa] e]j|j_ aq cpd e^`_]dcd jhh]aj_p ^` cpjc d bdde ca _paa`d jhh]ah]^jcd gdbicp` qa] cpd
^bcd]fjg`  

 
fl
v n

_abfdb^dbc jx ca jfa^e cp^` ^` ca }aedg  |x j _abc^blal` e^`c]^|lc^ab {
`jx
N
r
 
v n opd qj_c` cpjc  ^` gj]id jbe cpjc } jbx e^d]dbc fjgld`  _jb a __l] fjg^ejcd cp^`
_pa^_d n y^b_d bdijc^fd fjgld` aq  }jd ba `db`d { d j``l} d cpjc
 
 { `a cpjc cpd h]a|j|^g^cx
aq `l_p fjgld` a __l]]^bi ^` bdig^i ^| gd n d j``l} d jij^b cpjc cpd h]a|j|^g^cx aq j e]^fd] | d^bi j
l`d] ^`  { ^b acpd] a]e` { cpjc  ^` |^ba} ^jggx e^`c]^|lcde  ^cp hj]j} dcd]  jbe  { i ^fdb 
∈ 
n
x cpd gj aq gj]id bl}|d]` 
r

v
∼ N
r 

  r
−
 vv
	
opd ]d`c aq cpd jbjgx`^` qagga ` cpd h]df^al` `d_c^ab { jbe d `pjgg bac i^fd cpd edcj^g` n
 " X TXTZ W ! UV $ U [  WT VWX Y
b cpd h]df^al` `d_c^ab { d l`de jb lb`h d_^zde qlb_c^ab  ca ed`_]^|d cpd edh dbedb_d aq cpd c]jfdg
c^} d  ab cpd bl}|d] aq l`d]`  aq j ]aje `di} dbc  `dd rv n b cp^` `d_c^ab d l`d j `^}hgd
}aedg aq c]j _ exbj} ^_` ca j]]^fd jc j _jbe^ejcd qa]  n
 jbx e^d]dbc }aedg` aq c]j _ a _jb |d qalbe ^b cpd g^cd]jcl]d n opdx } jx |d _pj]j_cd]^=de {
_]ledgx{ j`  

ff	


	 

r^be^f^eljg _j]` { `dd ]dqd]db_d` ^b  { v {  fi

	


	 

redb`^c^d` jbe jfd]jid
`hdde` afd] `di} dbc` j qd plbe]de } dcd]` ^b gdbicp { jij^b `dd  { v jbe 


ff	


	 

rab cpd
gdfdg aq bdca]` { `dd v n
d qa _l` ab cpd } d`a`_ah^_ gdfdg n opd d ^`c^bi }aedg` j]d caa edcj^gde qa] l` { jbe d }jd j
qd dc]j `^}hg^z _jc^ab` n
"
  &' (0,6 1 +*38
opd }aedg d ed`_]^| d pd]d ^` j `^}hg^zde fd]`^ab aq cpd }aedg` l`de ^b  {  {  n opd } j^b
`^}hg^z _jc^ab ^` cpjc d _ab`^ed] j `^bigd ]aje `di} dbc { ab p^_p d j``l} d cpjc pa}aidbdal`
_abe^c^ab` h]dfj^g n
b `d_c^ab  d }dbc^abde cpd ]dgjc^ab |dcddb edb`^cx jbe d~l^g^|]^l} `hdde h]aha`de ^b
 n d `pjgg j``l} d cpjc c]j _ a ^` jgjx` ^b d~l ^g^|]^l} { `a cpjc cpd ]dgjc^ab |dcddb
edb`^c^d` r`lhhgd}dbcde |x fj]^j|gd` ed`_]^| ^bi cpd ]aje _abe^c^ab v jbe `h dde rpdb_d ^bcdb`^cxv ^`
edcd]} ^b ^`c^_ n
bhlc aq cpd }aedg ^` j qlb_c^ab  rv ed`_]^|^bi cpd ^bl aq _j]` ab cpd ]aje `di} dbc h d]
c^} d lb^c { ^b _j]` hd] pal] n opd alchlc ^` j qlb_c^ab  rv ed`_]^|^bi cpd ^b`cjbcjbdal` edb`^cx{
^b _j]` h d] ^ga} dc]d n opd edb`^cx ^b_]dj`d` eld ca cpd ^bl aq _j]` { jbe ed_]dj`d` eld ca cpd
alcl { p^_p ^` d~ljg ca cpd ^bcdb`^cx r^b _j]`pal]v n opd ^bcdb`^cx ^` j qlb_c^ab aq cpd edb`^cx{
bj}dgx y}lged]` Ł qlb_c^ab r`dd zil]d v }lgc^hg^de |x cpd edb`^cxn  dbac^bi cpd gdbicp aq cpd
]aje `di} dbc |x  { cp ^` gdje` ca cpd qa gga ^bi }aedg 

e
e
  rv
−
 rv
·
 r rvv r
#
v
d]d  ^` y}lged]` Ł qlb_c^ab n b h]^b_^hgd { cp^` qlb_c^ab edhdbe` ab fj]^al` hj]j} dcd]` { g^d
]aje _abe^c^ab` { cxh d aq c]j _ dc_dcd]j n a] `^}hg^_^cx d `pjgg ^iba]d cp^` jbe l`d cpd qa gga ^bi
qa]}lgj 
 r v 








6,**

−


09
	
^q 
≤

3,2/

6,**

3,2/


 −



09
	
^q   
3,2/
rydd zil]d  { jbe  { h n

  qa] j }ac^fjc^ab nv opd fj]^al` hj]j} dcd]` j]d

6,**
  } p


09
  _j]`}


3,2/
 " _j]`}
d_jl`d d j``l} d cpjc _abe^c^ab` ab cpd ]aje `di} dbc j]d pa}aidbdal` { cpd gdbicp aq cpd
`di} dbc ^` jb ^}ha]cjbc hj]j}dcd] aq cpd }aedg rv n d l`de cpd fjgld  

 } { p^_p gde
ca ]dj`abj|gd ]d`lgc` n
  &  	 *, 4,3
opd ^bl aq _j]` jc j _d]cj^b ^b `cjbc { hd] lb^c aq c^} d { ^` i ^fdb |x  rv n

` j }aedg qa] ]aje
l`jid d cjd
 rv   
 


−

r
W
v
j | dgg _l]fd { pd]d  ^` cpd cacjg bl}|d] aq _j]` hj``^bi cpd ]aje { jbe

^` ]dgjcde ca cpd  ^ecp
aq cpd |dgg _l]fd n acp hj]j} dcd]` ^bldb_d cpd edfdgah} dbc aq j w j} n
  & .,84-4
d j]d ^bcd]d`cde ^b cpd cp]aliphlc aq cpd ]aje `di} dbc n

bd `cjc^`c^_ ]dgjcde ca cp ^` ^` cpd

fffiff
 fi  fi ^c cjd` ca c]jfdg cp]alip cpd `di} dbc n opd c^} d `h dbc ^` cpd c^} d aq d ^c } ^bl` c^} d
aq dbc]x  cpd jfd]jid c^} d `h dbc ab cpd `di} dbc qa] jgg _j]` ^` cpd]dqa]d
  
∞
−∞
 ralcl rv
−
^bl rvv e

∞
−∞
^bl rve
 
∞
−∞
 r rv
·
 r rvv
−
 rvv e

∞
−∞
 rve


 
∞
−∞
−
 
e rv
e
e 

 
∞
−∞
 rve

pd]d d ^bcdi]jcde |x hj]c` {  ^cp fjb^`p ^bi |albej]x cd]} ` n op^` ^` j z]`c _jbe^ejcd qa] cpd
qlb_c^ab  r v n
"
1
2
3
4
Alpha
2000
2500
3000
3500
4000
4500
N
0
0.01
0.02
0.03
0.04
Time
1
2
3
4
Alpha
2000
2500
3000
3500
4000
4500
N
40
60
80
100
Speed
 ^il]d

 opd jfd]jid c]jfdg c^} d { jbe jfd]jid `h dde { ab j ]aje ed`_]^| de |x c]j _ }aedg rv
lbed] ^bl rv { qa] fj]x^bi hj]j} dcd] fjgld`  jbe

n

e^d]dbc |lc ]dgjcde `cjc^`c^_ ^` cpd 
fffiff
 fi

 fifi
"
n c } jx |d _jg_lgjcde |x bac^bi cpjc jb
^bcdb`^cx aq _j]`  rv
·
 r rvv dh d]^db_d j `hdde  r rvv  cpd jfd]jid `hdde cpd]dqa]d ^`
  

 
∞
−∞
 rv r r rvvv

e
a] hj]j} dcd] fjgld` 
∈


#W
 jbe
 ∈

fl


#
 { | acp `cjc^`c^_` pjfd | ddb hgaccde ^b zil]d  n
b |acp hgac` j ]^eid Ł _jb |d `ddb { jgabi p^_p  jbe   `dd} ca pjfd e^`_abc^blal` ed]^fjc^fd` n
opd _a]]d`habe^bi _l]fd ^b cpd
 −
 hgjbd ^` ]dgjcde ca cpd ab`dc aq w j} ` n
   	
 

d ba c]x ca a|cj^b jb d`c^} jcd aq cp^` _l]fd aq _]^c^_jg hj]j} dcd] fjgld` n opd hj^] r


 v ^`
_]^c^_jg pdb cpd edb`^cx ]dj_pd` { |lc bac ^b_]dj`d` | dxabe { cpd _]^c^_jg edb`^cx 
3,2/
{ jc `a} d
c^} d 
3,2/
n

c cp^` } a}dbc 


  n u glii^bi cp^` ^bca rv d idc cpjc 
3,2/
`jc^`zd`
 r
3,2/
v   r
3,2/
v r r
3,2/
vv  
3,2/
 r
3,2/
v  
3,2/

r

v
pd]d cpd _]^c^_jg ^bcdb`^cx 
3,2/
^` edzbde |x 
3,2/
 
3,2/
 r
3,2/
v  " r"v  
#
 _j]`p n
\~ljc^ab rv pj` ca `aglc^ab` { abd bdijc^fd jbe abd ha`^c^fd n y^b_d  gji`  jbe ]dj_pd` ^c`
} j^}l} jqcd]  ead` { abgx cpd ha`^c^fd `aglc^ab ^` ]dgdfjbc n
opd ]d} j^b^bi _abe^c^ab ^` cpjc  r
3,2/
v  
3,2/
n oa `agfd cp^` d~ljc^ab d bdde ca `agfd cpd
e^d]dbc^jg d~ljc^ab rv n oa `^}hg^qx cpd gjccd] { z]`c bacd cpjc 
≤

≤

3,2/
iga|jggxn b cp^`
]jbid  r v edh dbe` g^bdj]gx ab  { jbe fj]^d` |x jhh]a^} jcdgx 
W
n d jhh]a ^} jcd  r v |x
j _ab`cjbc 
0A@
n op^` _ab`cjbc ^` _pa`db `a} dpd]d |dcddb  jbe  

} p { |lc  ^cp j | ^j`
caj]e` cpd gad] fjgld `^b_d  r v jd_c` cpd e^d]dbc^jg d~ljc^ab }a]d pdb  ^` gj]id] n opdb
rv | d_a} d` g^bdj] {

e rv
e
! 
0A@
 rv   rv

jbe _jb |d `agfde |x fj]^jc^ab aq _ab`cjbc` {  rv  r v


−∞

−
 r ve n opd ^}ha]cjbc
hj]j}dcd] pd]d ^` 
0A@
 { p^_p ^b al] _j`d ^` jhh]a^} jcdgx

n op^` w l`c^zd` cpd l`d aq cpd
qagga ^bi d`c^} jcd p^_p ^` } a]d l`dqlg qa] al] hl]ha`d { jbe p^_p ^` fjg^e qa] gj]id hj]j} dcd]
fjgld` 
0A@
 
 rv 


0A@
 
−


0A@
	
!


 
0A@
 ′′  −
W



0A@
	
!
· · ·
r"v
 `^bi abgx cpd z]`c cd]} { d idc cpd qagga ^bi _abe^c^ab qa] 
3,2/




3,2/ −


0A@
	
 
0A@

3,2/
"
0 1 2 3 4
Alpha
2000
2500
3000
3500
4000
4500
N
 ^il]d
#
 sl]fd aq _]^c^_jg fjgld` ^b cpd 
− 
hgjbd  w j} ` `cj]c ca a __l] lhab _]a``^bi cp^`
_l]fd q]a} cpd gdqc n ac` j]d a|cj^bde |x bl}d]^_jggx `agf^bi rv  cpd _l]fd ^` cpd jhh]a ^} jc^ab
rv {rv n
\hjbe^bi ca z]`c a]ed] { jbe l`^bi rv { d _jb ]d]^cd cp^` j` 
′
r
3,2/
v  r v
0A@
r
3,2/ −

3,2/

0A@
v n ]a} rv d zbe cpjc 
′
rv rv 
−


 { jbe l`^bi cp^` cpd _abe^c^ab |d_a} d`



3,2/




0A@


3,2/

0A@

3,2/
−

	
r  v
< ^fdb

{ d _jb `agfd rv qa] 
3,2/
{ jbe cpdb

3,2/
 
3,2/

 




 
r

v
 ^cc^bi cpd ]d`lgc^bi _l]fd ca cpd _l]fd a|cj^bde |x bl}d]^_jg ^bcdi]jc^ab { d zbe iaae ji]dd} dbc
jc 
0A@

W
} p n opd _]^c^_jg _l]fd ^` hgaccde ^b zil]d  n
    	   		 
 
d ba jbjgx=d pjc pjhhdb` pdb d _]a`` cpd _]^c^_jg _l]fd n d j``l} d cpjc cpd c^} d el]^bi
p^_p cpd edb`^cx d_dde` cpd _]^c^_jg fjgld ^` `} jgg { _a}hj]de ca cpd cacjg c^} d ^bcd]fjg _ab`^ed]de n

dc  jbe

|d ab cpd _]^c^_jg _l]fd { jbe gdc 
3,2/
edbacd cpd ^b `cjbc jc p^_p _]^c^_jg edb`^cx ^`
]dj_pde { jbe 
3,2/
 
3,2/
 r
3,2/
v   r
3,2/
v r r
3,2/
vv cpd _]^c^_jg ^bcdb`^cxn d ^b_]dj`d  rv
|x j qj_ca]  { cpjc ^` { d `dc
 rv  r ! v





−

a] `} jgg  { cpd c^} d `h dbc ^b cpd w j} ]di^} d 
≥

3,2/
 ^gg | d `} jgg n op^` w l `c^zd` jhh]a ^} jc^bi
 jbe  |x g^bdj] }aedg` {
 r rvv  
3,2/ − 
r rv
−

3,2/
v
 rv  r ! v
3,2/
r
− 
r
−

3,2/
vv

pd]d d l`de cpjc  r
3,2/
v  
3,2/
pdb    n  d]d




j` 
↘

3,2/
{ jbe


−




3,2/
jc   
3,2/
n a]    cpd _]^c^_jg edb`^cx  ^gg | d ]dj_pde qa] 
fl 

3,2/
n  `^bi
 rv
≈
r
3,2/
 rvv r
−

3,2/
v rd~ljc^ab rvv { fjg^e pdb 
≤

3,2/
{ d zbe cpd jhh]a ^} jc^ab
 rv
≈
r ! v
3,2/

 !

′′
r v
 r v
r
−

3,2/
v

	
 r ! v
3,2/
r
− 
r
−

3,2/
v

v
"

qa] cpd _j`d    jbe 
≤

3,2/
n yagf^bi  rv  
3,2/
d zbe

fl
 
3,2/ −




r ! v
a] _abfdb^db_d d ba _paa`d c]jb`gjcde fj]^j|gd` 
′
jbe 
′
{ `a cpjc 
′
  _a]]d`habe` ca 
fl
{
jbe 
′
  ca 
3,2/
n ydcc^bi lh cpd e^d]dbc^jg d~ljc^ab qa] cpd w j}}de ]di^} d ^b cpd`d fj]^j|gd` {
d idc

e
′
e
′
 r ! v
3,2/

− 
′ −




r ! v		 −

3,2/
!

 ′    −
′ !

 ′
pd]d    
3,2/
r ! r ! v




r ! vv jbe   
3,2/
r ! v

n op^` d~ljc^ab _jb |d `agfde |x
fj]^jc^ab aq _ab`cjbc` jij^b { x^dge^bi
 ′ r′ v  
 

′ −


′
	 

′ 
r v
opd `aglc^ab ^` fjg^e qa] 
′ ≥
 { cpjc ^` { | dcddb 
′
fl
  jbe
′

 




r ! v
!

r ! v

rv
d j]d ^bcd]d`cde ^b cpd fjgld

 rve n  ^cpalc w j} ` cp^` alge |d  
0A@
{ `dd rv n  ^cp
w j} ` cpd fjgld | d_a} d` gj]id] { eld ca ca dd_c` n  ^]`c aq jgg { q]a} cpd `d_abe cd]} ^b rv ^c ^`
`ddb cpjc cpd c^} d ^bcd]fjg pd]d 
≥

3,2/
^` gabid] cpjb ^c alge |d  ^cpalc w j} ` n yd_abegx{
cpd edb`^cx ^b cp ^` ^bcd]fjg ^` gj]id] cpjb ^c alge |d  ^cpalc w j} ` n bcdi]jc^bi rv afd] cpd
jhh]ah]^jcd ^bcd]fjg { jbe c]lb_jc^bi jc edi]dd 

{ d cpd qagga ^bi qa]}lgj 
 

 
∞
−∞
 rve 


0A@
!





 ^q 


3,2/

3,2/


r ! v

!




3,2/







r ! v
^q 
≥

3,2/
rv
pd]d   r! v
3,2/
n c cl]b` alc cpjc qa] ]dj`abj|gd hj]j}dcd] fjgld` { cpd gj`c cd]} { } dj`l]^bi
cpd gj]idedb`^cx dd_c { ^` cpd gdj`c ^}ha]cjbc abd n

` j zbjg ^}h]afd} dbc { d ]dh gj_d cpd _ab`cjbc

0A@
|x j bl}|d] cpjc ^`  qa]    { jbe g^bdj]gx ed_]dj`d` ca 
0A@
pdb  ]dj_pd` ^c` _]^c^_jg
fjgld n opd ]d`lgc^bi _l]fd { jbe cpd bl}d]^_jggx a|cj^bde `cjc^`c^_  { j]d hgaccde ^b zil]d  n
d _ab_gled cpjc cpd dh]d``^ab rv }jx `d]fd j` j iaae jhh]a ^} jc^ab aq  r v | dga jbe
j]albe _]^c^_jg edb`^c^d` n
 
WTZ $Y[WT
\]^_``ab Ł` h]a|gd} pj` } jbx e^d]dbc j`hd_c` { p^_p } jd` ^c ^}ha``^| gd ca i^fd j h]d_^`d jb`d]
ca cpd^] ~ld`c^ab n b`cdje d pjfd c]^de ca h]af^ed jb afd]f^d aq cpd`d j`h d_c` { p^_p pdgh de l`
ca `l|`d~ldbcgx qa]}lgjcd jbe jbjgx=d j }aedg h]a|gd} n
d `dgd_cde ]dgdfjbc g^cd]jcl]d jbe ed`_]^|de `a} d aq cpd ]d_dbc ]d`dj]_p ^b cpd j]dj n o]j _
]alc^bi h]a| gd} ` jbe c]j _ edb`^cx h]de^_c^ab` { j` dgg j` c]j _ a }aedg` { pjfd | ddb `cle^de
i]djcgxn c cl]bde alc cpjc dfdb jefjb_d |aa^bi pje |ddb ^bfd`c^ijcde { jb ^edj p^_p ^` _ga`dgx
]dgjcde ca \]^_``ab Ł` ^edj` n d ^be^_jcde j qd h]a|gd} ` cpjc } jx j]^`d pdb j stu ^` ^}hgd
} dbcde n

l] } j^b _ab_d]b` j]d { cpjc caa qd e]^fd]` }jx _aahd]jcd qa] c]j _ edb`^cx d`c^} jcd`
ca ^}h]afd `^ib^z _jbcgx{ cpjc l`d]` } jx i^fd lb]dg^j|gd ^bqa]}jc^ab a] ^iba]d cpd stu Ł` jef^_d {
jbe cpjc ]aje _abe^c^ab` rp^_p _jbbac | d h]de^_cde dgg ^b jefjb_dv } jx ^bldb_d cpd c]j _
edb`^c^d` }a]d cpjb cpd ed} jbe n
oa idc j `db`d qa] cpd ]dgjc^ab |dcddb l`d] _aahd]jc^ab jbe ]dg^j|^g^cx aq c]jfdg c^} d d`c^} jcd`
d }aedggde j `^bigd ]aje `di}dbc { lbed] `c]abi j``l}hc^ab` n d]d d l`de cpd fj]^jb_d aq c]jfdg
"
#
1000 1500 2000 2500 30000.009
0.01
0.011
0.012
0.013
0.014
0.015
 













 r_j]`v
 ^il]d
W


fd]jid c^} d ca c]jfdg cp]alip cpd `di} dbc { qa] zde


#
{ j` j qlb_c^ab aq  n opd
`}aacp _l]fd pj` |ddb edcd]} ^bde bl}d]^_jggx{ cpd acpd] _l]fd _a]]d`habe` ca rv n
c^} d d`c^} jcd` j` j } dj`l]d aq ]dg^j| ^g^cxn d jg`a jbjgx=de j `^}hg^zde c]j _ }aedg ca zbe j
]dgjc^ab    r v | dcddb ]aje l`jid  jbe jfd]jid c]jfdg c^} d  n opd q]j_c^ab  aq cpd e]^fd]`
cpjc l`d cpd stu jhhdj]` ca ^bldb_d cpd c]jfdg c^} d h]de^_c^ab` ^b ca jx` n q cpd bl}|d]
aq _j]` ab j ]aje ^` bac bdj] j _d]cj^b _]^c^_jg bl}|d] { cpd fj]^jb_d aq cpd c]jfdg c^} d edhdbe`
}a]d a] gd`` g^bdj]gx ab cpd q]j_c^ab  r^b cp ^` _j`d cpd ed]^fjc^fd 
′
r v ^` ]alipgx _ab`cjbc pdb
 _pjbid` eld ca stu jef^_d`v n j] q]a} _]^c^_jg `^cljc^ab` { cpd dd_c aq l`d]` ^bqa]}jc^ab  ^gg
cpd]dqa]d abgx | d bac^_dj|gd pdb } jbx e]^fd]` | d_a} d l`d]` n q cpd bl}|d] aq _j]` ab j ]aje ^`
bdj] cpd _]^c^_jg bl}|d] { 
′
r v _pjbid` e]j`c^_jggx  ^cp `} jgg fj]^jc^ab` aq  n op^` } jx _jl`d
j p^ipd] a]ed] edhdbedb_d aq cpd fj]^jb_d ab  { jbe } djb` cpjc l`d] ^bqa]} jc^ab |d_a} d` }a]d
l`dqlg n c ^` padfd] pj]e ca h]de^_c ^b jefjb_d pdcpd] cpd `^cljc^ab ab j ]aje  ^gg | d bdj]
_]^c^_jg^cxn
 a]dafd] { j _pjbid ^b  { _jl`de |x cpd stu Ł` jef^_d { } jx jg`a gdc 
′
r v ^b_]dj`d n op^` _jb
]d`lgc ^b j gd`` ]dg^j|gd d`c^} jcd cpjb cpd d`c^} jcd  ^cpalc l`d]` ^bqa]} jc^ab n uj]cgx cp^` ^` eld ca
al] bac^ab aq ]dg^j| ^g^cx  padfd] { hj]jea^_jg `^cljc^ab` } jx a__l] { ]dgjcde ca ]jd`` Ł a|`d]fjc^ab n
c alge | d ^bcd]d`c^bi ca `clex cp^` { jbe ^edbc^qx pdb ]del_de ]dg^j|^g^cx{ a] ^b_]dj`de c]jfdg
c^} d { _jb a __l] j` j ]d`lgc aq h]af^e^bi l`d]`  ^cp | dccd] ^bqa]}jc^ab n

bacpd] cah^_ cpjc `dd} `
^bcd]d`c^bi jbe ]dgdfjbc ca `clex ^` cpd edh dbedb_d aq w j} ` ab ]aje _abe^c^ab` fd]`l` ]aje l`jid n

!VTZ
]j

   n ]jd`` n |d] d^b uj]jeaab jl` ed] 9 d]dp]`h gjblbi n ffi fiffffifi

 fiffi

	ff



ffi {  
W
 


  { 

  n
s]d"

  n s]d} d] n 	 fiff 
fifffl fi

ff







 


ffifi
fi fi

ff


fiffi n yh]^bid] 9d]gji { 

"

n
et
#
 \ n ed ta}hp n 	 ffi
 

ff






 ffi fiffi   	
"
fi
fi

n up cpd`^` { od_pb^_jg lb^fd]`^cx  dgqc {

#
n
aq 
W
 aligj` t n aq`cjecd] n  fi
 
 



fi


fi


n j`^_ aa` { 

 
W
n
 dg

 ]jb  dggxn dca] ]alc^bi n 


fi
	

	





fi 
ff
ffi




	ffi

	



fi  	

fi 
	

fi  {

" 
#


" { 

 n

g`a jfj^gj| gd jc  
 

ff
fi
fffl

ffi
ff

ff
ffi

 !
"
#$
ff%
!
&'(
&')*+,
%
$


fi
n
 ^d   j]  ^d]j` n

g`cl|g^dqc ]d`d]fd]db faa] ddb jlca]^cw d n bcd]} de^j^]

{ -jblj]x  {  n
 ^d   ^d} j n  
 
ff
 
.
$ /
ff01
/2


%
fi
{  n
"
W
ujx"  n - n ujxbd n  aedg` aq q]ddjx c]j _ jbe _abc]ag n b  


fi




fi
 	
"
fi
fi
	



;
fi





fi
   

fi

	ffi 	

ffi


fi
 ff	

fifi
"
ffi 

{ hjid`
W


 { 

" n
t
#
  n tjb jbe  n \ n ax_d n 	 ffi
 

ff;
ffi

ff
ffi

 	ff
	ffi  fi 	fffl  	
"
fi
fi
{ fagl} d
#
"
aq fi



fffi  	fi

ffi 

	ffi	 



ffi
"
 


fi




fi 


fi

n yh]^bid]fd]gji { 
#
n
y_p

   -jb y_p]dled] n

`c]jcdi^_ jhh]aj_p qa] cpd j}|lgjb_d _afd]^bi aq cpd h]af^b_d aq
q]^d`gjbe n  d}a]jbel} a n 
#
 { b^fd]`^cx aq odbcd { \b`_pded { 

  n
y}l

 y n

n y}lged]` n 	ffi ff	
fi
	
 
fffifi
 ff



 	 { fagl} d   aq 

ff


n s  { 

n
o^}

  d a] o^} d` n  pjc ^q cpdx _ga`de
#
be `c]ddc jbe ba|aex bac^_de {  d_d}|d] 

 n
fy

j  - n  n fjb y_plhhdb n xbj} ^`_p ]alcd]db n od_pb^_jg ]dha]c { s  { 

n
fy

|  - n  n fjb y_plhhdb n }hgd} dbcjc^ab aq c]j _ }aedg n u]^fjcd _a}}lb^_jc^ab { 

n
j^  j] j^b]^ipc n

`} jgg ]aje bdca] n   
2

2$
 0
2
.% 
ffi
. 
 !
 ff
$
!
(
2

ff


$
.ff0


fi
n
"

